Adhesion of the tendon, which can occur during healing of tendon repair, is negatively affected by the outcome of surgery. In this experimental study, we sought to prevent adhesion of the tendon, and determined the mechanical stiffness of repair tissue by wrapping sodium hyaluronate and carboxymethylcellulose (Seprafilm; Genzyme, Cambridge, Massachusetts) around the repaired tendon segments. The study group comprised 2 groups of 20 chickens. In group I, the right gastrocnemius tendons of the chickens were cut smoothly, and after tendon and sheath repair, the skin was sutured. In group II, the right gastrocnemius tendons of the chickens were cut, the tendons were repaired, and before skin closure, Seprafilm was wrapped around the repaired tendon segments. Plastic splints were used for holding the chickens' ankles in a neutral position, and they were allowed weight bearing for 8 weeks. In group II, anatomic space between the tendon-sheath and tendon was clear and the tendon-sheath complex was sliding easily around the repaired tendon segment, and this complex was more functional both biomechanically and histologically. Also, the Seprafilm-applied tendons (group II) were observed to be biomechanically more resistant to the tensile forces in group I. Seprafilm is an easily applied interpositional material that can be used safely to prevent adhesion during the tendon healing process.
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Erratum
This article has been amended to include a factual correction. An error was indentified subsequent to its original printing (2010; 33 [3] :164). The online article and its erratum are considered the version of record. 
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O ne of the most frequently encountered problems following tendon repairs is the development of adhesions. 1 Despite advances in surgical techniques and postoperative rehabilitation programs, the formation of an adhesion around the repair site limits the gliding of the tendon and restricts joint movement. The main goal of flexor tendon surgery is to obtain a tendon with a sufficient degree of tensile strength, which is achieved by reducing the formation of intrasynovial adhesions, restoring the gliding surface, hastening healing of the repair side, and undergoing postoperative rehabilitation. 2, 3 It is well known that injuries, surgical trauma, tendon ischemia, gap in the repair side, damage to the tendon sheath, suture materials, immobilization, and infection all contribute to the formation of adhesions. Peritendinosis-type adhesions are known to be reduced by new suture techniques using a microscope and loop, atraumatic surgical techniques, tendon sheath repair, and early postoperative rehabilitation. 2, 4 In experimental and clinical studies to prevent the formation of adhesions, anabolic steroids, antihistamines, COX inhibitors, topical hyaluronic acid, 5-FU, human amniotic fluid, silicone and cellophane for mechanical blocks, hyaluronic acid sheaths, paratenon, blood vessels, peritoneum, collagen membranes, fascial grafts, tunica vaginalis in men, milliporous cellulose tubes, silastic membranes, polyethylene membranes, and amniotic membranes were used. 1, 3, 4 Seprafilm (Genzyme BV, Naarden, The Netherlands) is a reabsorbable membrane made of hyaluronic acid and carboxymethylcellulose, aimed at preventing and reducing the formation of adhesions. 5 Adhesions occurring during wound healing are a clinical benefit. While trying to prevent surgical adhesions, it is necessary not to obstruct the normal process of wound healing. The purpose of this study was to research the effects of Seprafilm, used as an interpositional material after flexor tendon repair, on adhesion formation, tendon healing, and tendon biomechanic tensile strength in an experimental animal model.
Materials and Methods
The approval of the local ethics committee was obtained for this study. Two groups of 20 were formed from 40 Nickchick breed white chickens with a mean age of 11.25 months (range, 9-12 months) and mean weight of 1752 g (range, 1540-1980 g). Surgery was performed by the same surgeon (M.A.) on the right leg of the chickens in group I and group II. No surgery was performed on the left leg so that a comparison could be made with a normal healthy tendon.
Thirty minutes preoperatively, 250 mg cefazolin sodium was administered intramuscularly to both groups as a prophylaxis. Preoperatively, 50 mg/kg ketamine hydrochloride was administered intramuscularly as an anesthetic. The feathers were cleaned from the right leg, a tourniquet made with a latex glove finger was applied, and the area was sterilized and draped.
In group I, a plantar midlateral longitudinal incision was made on the right leg approximately 2 cm in length extending distally from the level of the posterior ankle joint. By opening the tendon sheath longitudinally, the gastrocnemius tendon was exposed. The tendon was completely cut in a transverse direction 1 cm distal from the ankle joint ( Figure 1 ). The cut tendon was repaired with 1 modified Kessler suture technique using 4/0 Prolene sutures (Ethicon, Somerville, New Jersey). The tendon sheath was closed with 3 simple sutures using 6/0 Prolene and the skin was closed with 4 sutures using 4/0 Prolene. The same procedure was applied to the right legs of the chickens in group II, and, in addition, before closing the tendon sheath, a 1-cm long 3 0.5-cm wide sterile, translucent membrane (Seprafilm) was wrapped around the tendon repair side. Postoperatively in both groups, the leg was held in a plastic splint with the ankle in a neutral position.
Postoperatively, the chickens were divided into their 2 groups and placed into a 20-m² room according to their group. The chickens were allowed to stand on both feet, which helped to minimize the effects of immobilization on adhesion. At the end of the eighth week, after a high dose of anesthesia, the chickens were sacrificed and both legs were disarticulated at the hip joint for biomechanical and histopathological examination. Ten chickens were taken from both group I and group II for biomechanical examination of the gastrocnemius tendon, and from the remaining 10 chickens in each group, the gastrocnemius tendon was harvested and placed in a preparation of 10% formalin for histopathological examination.
The legs separated for histopathological examination were placed on a wooden board for macroscopic evaluation. Tendon thickness, mobility, and length of adhesions on the plantar and dorsal plane were carefully examined. The area of adhesions was measured with a ruler. The adhesions were classified according to the macroscopic criteria described by Tang et al. 6 Adhesion degree of each tendon was found by collecting the points according to the length and characteristics of the adhesion (Table 1) . Epidermis-subcutaneous, tendon sheath-tendon complex adhesions in the right leg of 10 chickens in group I and group II were evaluated according to the criteria in Table 1 (Table 2) .
A transverse cross-section of the subcutaneous tissue, sheath, and tendon was taken from the repair area of the right legs of the chickens in groups I and II that had The cross-sections were held in 10% buffered neutral formalin solution, then embedded in paraffin blocks. A series of 4-µm thickness sections were taken from these blocks, stained with hematoxylin-eosin and Masson's trichrome, and examined under a light microscope. The specimens were evaluated according to adhesion and tendon recovery criteria. Histopathological evaluation was made according to the criteria described by Tang et al 6 ( Table 3 ). The right legs, which were operated on, and the nonoperated left legs of the remaining 10 chickens in both groups that had not undergone macroscopic and histopathological examination were disarticulated at the hip joint. In the disarticulated legs, the gastrocnemius tendon together with its sheath was freed between the muscle-tendon junction proximally and the tarsometatarsal joint distally. The tendons, with the proximal ends in the proximal jaws of the stretching test machine and the distal ends in the distal jaws, were placed in a stretching test machine longitudinally and perpendicular to the floor, and at 20 mm/min tension speed, the breaking point measurements were measured as Newton value. The universal test equipment (H50KM; Hounsfield Test Equipment Ltd, Surrey, United Kingdom) was used to apply the tensile strength in breaking the tendons (Figure 3 ). The breaking forces were read digitally by using the load cell as Newton value. For biomechanical examination, the Mann-Whitney U test was used to show the differences between the breaking point values of the tendons obtained for both groups.
resUlts

Macroscopic Evaluation
When the right gastrocnemius tendons of the group I subjects were evaluated macroscopically, adhesion of average thickness could be separated by blunt dissection and 
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extended to the dermis was observed in the repair area of the epidermis-subcutaneous tissue. An evident increase in the thickness of the tendon sheath and scar tissue was determined. A severe adhesion had formed a tight connection between the tendon sheath and the body of the tendon. In 4 (40%) cases in group I, this connection allowed partial gliding movement of the tendon with passive movements of the ankle, whereas in 6 (60%) cases in group I, between the tendon sheath and tendon body, a thick, hard adhesion did not allow any gliding movement and could only be separated by sharp dissection. When the right gastrocnemius tendons of the group II subjects were evaluated macroscopically, adhesions of average thickness that could be separated by blunt dissection and extended to the dermis were observed in the epidermis-subcutaneous tissue of the repair area. A slightly functional fibrous sheath was observed to be formed. There was no remnant of the Seprafilm, which had been applied between the tendon sheath and the tendon body; and it was determined that the Seprafilm had completely dissolved. Between the tendon sheath and tendon body, no adhesions were present in 2 (20%) cases and mild adhesions in 8 (80%). No serious adhesion was noted in any case. All of the tendon segments were live, and their outer surfaces were pearly white in color. Smooth gliding was observed in the tendons within the sheath by passive ankle movements. Necrosis of the tendon body, tendon rupture, infection at the incision site, or death for any reason were not observed in this study.
Histopathological Evaluation
The results showed fibrosis, hypervascularity, inflammatory cell infiltration, and adhesions between the tendon and tendon sheath classified as ranging between 0 and 3 (0: no adhesion, 1: good, 2: moderate, 3: severe). Chi-square test was used to evaluate differences in the histopathological findings.
In group I, granulation tissue was observed around the sutures and adhesion extending to the subcutaneous tissue around the repair site. In the subcutaneous tissue between the tendon sheath and tendon body, patchy filamentous or nonfilamentous dense adhesions and scar tissue were determined. The space between the tendon and tendon sheath had disappeared. An evident deterioration in the arrangement of collagen fibers and fibroblast progression into the incision area were seen. Throughout the tenotomy healing area, disorganized tendon structure and inflamed cells were evident. Neovascularization was conspicuous in all specimens (Figure 4) .
In group II, the anatomic gap between the tendon sheath and the tendon body was seen to have been generally preserved, and the continuity of the tendon and unity of the collagen fibers of tendons was good. There was mature healing separate from the surrounding tissue and relatively normal structure hypocellular tendon. Collagen fibers were seen as bundles. The thickness of the fibrous tissue was relatively increased, and there was neovascularization in the tendon sheath. Apart from 2 cases, some slight regular and irregular filamentous adhesions were seen between the sheath and tendon body. There were no findings of foreign body reaction to the Seprafilm in any of the examined tissue ( Figure 5 ).
Whereas group I showed severe adhesions in both the area between the subcutaneous tissue and the sheath and between the sheath and the tendon, group II had more adhesions in the subcutaneous tissue-sheath area.
On examination of the findings for fibrosis in the tendon, tendon sheath, and subcutaneous tissue in both groups I and II, there was less fibrosis in group II than group I, and the difference between the groups was statistically significant (P,.005) ( Table 4) .
On examination of the results of hypervascularity in the subcutaneous tissue, the tendon, and the tendon sheath in groups I and II, there was greater neovascularization in group II than group I, and the difference between the groups was not statistically significant (P..005).
On examination of the results of inflammatory cell infiltration in the subcutaneous tissue, the tendon, and the tendon sheath in groups I and II, there was less inflammation in group II than group I, and the difference between the groups was not statistically significant (P..005).
On examination of the findings of adhesions between the tendon and tendon 
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sheath in groups I and II, there were fewer adhesions in group II than group I, and the difference between the groups was statistically significant (P,.005) ( Table 5) .
Mechanical Evaluation
The breaking points for the gastrocnemius tendon of the right leg, which had undergone tendon and tendon sheath repair, in group I were 71 to 145 N (mean, 93.3 N) and for the gastrocnemius tendon of the nonoperated left leg were 220 to 280 N (mean, 246 N). In group II, where Seprafilm had been applied, the breaking points for the gastrocnemius tendon of the operated right leg were 98 to 180 N (mean, 120.4 N), and for the nonoperated left leg, 220 to 280 N (mean, 249 N) ( Tables 6, 7) .
A comparison of the breaking point values of the gastrocnemius tendons of the operated right leg of the chickens in groups I and II using the Mann-Whitney U test showed a significant difference (P,.05). The tendon breaking point of group II, where Seprafilm had been applied, was significantly higher than that of group I. In both groups, the difference between the tendon breaking point of the operated right leg gastrocnemius tendon and the gastrocnemius tendon of the nonoperated left leg was determined as significant (P,.05).
discUssion
Adhesion occurs in flexor tendon injuries while the tendon is healing. For years, fibroblast infiltration from the surrounding connective tissue creating scar tissue and unwanted adhesions has been thought to be an inevitable part of the healing process. 7 Sheath excision has been performed after tendon repair in the belief that it would allow increased fibroblast infiltration from the surrounding connective tissue and there would be better healing. 8 In later years, studies have reversed this view. [9] [10] [11] [12] [13] It was shown that the self-healing capacity of the tendon (intrinsic system) can be achieved not by fibroblasts infiltrating the tendon (therefore without scar tissue), but only by nutrition from the synovial fluid together with the intrinsic healing capacity of the tenocytes. [9] [10] [11] [12] [13] The current undisputed view is that the tendon has the ability to heal itself. According to this view, the first step in preventing adhesions after tendon repair is to prevent the infiltration of fibroblasts from surrounding connective tissue. The easiest way to do this is to place a barrier between the tendon and the surrounding connective tissue while the tendon sheath is being repaired. The tendon sheath repair increases the nourishing of the tendon, enables a smooth gliding surface, and decreases peritendinosis adhesions. Care must be taken not to narrow the tendon sheath while repairing it.
14 In our study, 3 simple sutures were used to close the tendon sheath to avoid narrowing it.
In recent years, biological or synthetic barriers have been used to prevent the formation of adhesions following the repair of flexor tendon injuries. 3, 4 The rationale for using these is to prevent the infiltration of fibroblasts from surrounding connective tissue to achieve recovery without scar tissue or adhesions, as the tendon has the capacity for self-healing. With this aim, biological barriers that have been used are paratenon, fascial patch grafts, endothelial vein grafts, omentum, autogenous or allograft sheaths, and synthetic barriers that have been used are cellophane, polythene, polyethylene, cellulose tube, silicone sheaths, and polytetrafluoroethylene. 3, 10, [15] [16] [17] [18] [19] In our study Seprafilm containing sodium hyaluronate and carboxymethylcellulose was used as a barrier.
To date, there has been insufficient clarification on the technique of wrapping various substances around the tendon be- cause it was thought to be an obstruction to tendon revascularization. Seprafilm does not have the properties of a completely closed membrane. The synovial fluid goes from both ends of the membrane and the space between the tendon and the Seprafilm and nourishes the tendon. It has been found to contribute to the optimal level of recovery of the wound. In comparison to group I, there was more, but statistically not significant, neovascularization in group II, and it is suggested that Seprafilm does not obstruct revascularization.
The most appropriate anti-adhesive material should not negatively affect the wound healing, be durable, be able to continue its effect in the presence of blood, be non-reactive, be able to be applied locally and easily, and should not support the development of bacteria. 20 Additionally, a large mass should not occupy the tendon sheath tunnel that has already been narrowed by edema, and suture materials and every suture is thought to lead to additional problems, so that suturing the anti-adhesive material to the tendon body is unnecessary. Seprafilm has all these properties, and it can be applied to the tendon body without using extra sutures.
Goldberg and Toole 21 reported that invitro hyaluronic acid inhibited the proliferation of synovial cells in chickens. Miller et al 22 showed intraoperatively that drugs containing hyaluronic acid with a highviscosity gel used as an anti-inflammatory medication reduced the inflammation and also reduced postoperative adhesions. Experimentally, hyaluronic acid has been shown to hasten wound and tissue healing. 23 With the aim of evaluating the tissue healing and stiffness of the healed tissue, one of the parameters used in our study was the breaking force dependent on the tendon tensile force showing the mechanical strength. In our study, the breaking force of the group where Seprafilm had been used was statistically significantly high. This result supports the theory that hyaluronic acid shortens the wound healing time. 24 The suppression of the fibroblastic activity effect of carboxymethylcellulose may be achieved by forcing the release of cytokines that cause fibroblast activity from platelets and endothelial and inflammatory cells, or by inducing fibroblast growth inhibitors released from macrophages. In our study, fibrosis was significantly less in goup II in comparison to goup I, which seems to support this activity of carboxymethylcellulose. Hyaluronic acid has no effect on fibroblast function; however, there is a dose-dependent inhibitor effect on platelet aggregation. 24 A study by Moreira et al 20 using hyaluronic acid-carboxymethylcellulose on rabbits to prevent postoperative adhesions showed no negative effect on the healing period and no increase in septic complications. In our study, no cases of necrosis or infection in the tendon body were noted, which shows that Seprafilm has no negative effect on the nourishment of the tendon from synovial fluid and cell activity, and has not increased the tendency to infection.
In a study by Karakurum et al 5 on chicken flexor tendons, the interpositioning of Seprafilm following tendolysis was found to be successful in preventing adhesions. The same study showed Seprafilm not to have induced any foreign body reaction, nor to have caused scar tissue. 24 In our experimental model on evaluation of postoperative peritendinosis adhesions, hyaluronic acid-carboxymethylcellulose was observed to have reduced the formation of adhesions to a significant degree.
Menderes et al 1 used a gel with Seprafilm and hyaluronic acid to decrease tendon adhesion after flexor tendon repair in rabbits. They observed less fibrosis and adhesion in the Seprafilm-and hyaluronic acid-applied group than in the control group. In 2 study groups, more range of motion rates in proximal interphalangeal and distal interphalangeal joints were observed than in the control group. In our experimental study, we found less fibrosis and adhesion in the Seprafilm-applied group. Establishing statistically high rupture strength of the right gastrocnemius tendons in group II shows that healed tendon tissue is resistant to the tensile strength in Seprafilm-applied cases.
conclUsion
Although there is no single recommended method to prevent adhesions, in primary cases before repairing the tendon sheath, wrapping Seprafilm around the repaired tendon segment forms a strong barrier against adhesions. Eliminating the negative effects of adhesions has a positive effect on the healing of the tendonsheath complex, remodeling, and mechanical strength of the tendon. Also, when compared with other interpositional material, Seprafilm is noticeably superior in creating a smooth surface in the tendon repair site, thus preventing snagging. It is also a biologically appropriate material with no additional trauma during application and no requirement for removal. Seprafilm is a membrane that can be used with confidence in tendon repair.
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